BIST AVAILABLE CCP> 

JAN-1 1-2007 16:26 The Webb Law Firm P. 022 




PAGE 22/41 ' RCVD AT 1/1 1/2007 4:06:26 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/1 1 * DNIS: 2730626 * CSID: ' DURATION (mm-ss):22-36 



JAN- 11 -2007 16:29 



The Webb Law Firm 



P. 023 



Journal of CardtsrraXuhiT Pharmacology** 

33:718^723 0 1999 Lippfacotl Wilta* & WUBxis. lac. PhfladfrfphU 



Notice: This material may be 
protected by copyright law 



Demonstration of Flow and Platelet Dependency in a Ferric 
Chloride-Induced Model of Thrombosis 

Simon Lockyer and Jun-ichi Kambayashi 

Department of Thrombosis and Vascular Biology. Maryland Research Laboratories, Ovruka America Pharmaceuticals, hc^ 

RaekviUe, Maryland, USA. 



Summary; Further to characterize the processes involved in 
tho FcCVrEtvdnced tfaroiabosw model, we dctcuidacd the effect 
of aspirin, heparin, hTp^in, 0m^4^nnrinomctbYl) cydohcx- 
ane cnrboxyUc add CAMCHA), thrornbocytopexoa, and flow 
modificadoiM on time to occlusion (TTO) and thrombus weight 
<TW) ia the rat carotid artery. Aspirin, firora 3 to 300 mg/Kfc 
showed no dofe-response relation far either TTO or TW and 
did not significantly affect ex vivo platelet aggregation. Hep- 
arin, at doses that rigni ficanfl y increased the activated partial 
thromboplastin time (APTT), dose-dependentiy increased the 
TTO of animals that showed .an occlusion during me monitor- 
ing period and also rodoccd the TW. Hirudin required constant 



infusion to prevent occlusion and reduce the TW, when the 
APTT was also sigriJ&cantly increased* AMCHA did net affea 
the TW but reduced The TTO. Animals made thrombocytopenic 
by the use of antiplatelet seram did not occlude daring the 
monitoring period, and the TW was significantly reduced 
Changes iQ flow showed that the TTO wag not affected, but tho 
TW showed an inverse correlation with average flow. The re- 
sults obtained fur platelet depletion and flow modifications 
expand on previous findings with this model and support the 
physiological relevance of the model. Key Words: Thxvmbo. 
sis— Fetxic chJccidc^-Platdcw^lood flow. 



A number of experimental models of thrombosis have 
been designed to facilitate rapid screening of potential 
antithrombotic compounds. A modification of the ferric 
chloride-induced model of thrombus formation in the tat 
carotid artery (!) was 1 used to study (he effect of anti- 
thrombotic compounds and more fully to inves tig ate the 
factors involved in thrombus foxmanon. 

Models of arterial thrombosis are useful in the screen- 
ing of potential antithrombotic compounds, but the suc- 
cess of flic model in predicting clinical efficacy and in 
deciding the appropriate indication would be greatly im- 
proved if the mechanism(s) involved were mors folly 
understood The FeC^ -induced model of thrombosis has 
been used as a model of a mixed-type, occlusive arterial 
thrombosis, but the role of some important factors in- 
volved in tho formation of the thrombus is not clearly 
defined We investigated the role of platelets, the fibri- 
nolytic system, the effect of flow modifications, and the 
effect of the direct thrombin inhibitor hirudin, in addition 
to some compounds previously tested, in this model 

The involvement of platelets in this model of throm- 
bosis has been assumed, but not directly investigated By 
inducing thrombocytopenia with antiplatelet serum, it is 
possible to examine directly the contribution of platelets 
to thrombus formation- Because eodomelial injury that 



exposes the suoendothehum win lead to platelet adher- 
ence and activation, and hence thrombin release, it is 
probable thai platelets play a major role in the initiation 
of thrombus formation after FeQ 3 -induced damage. The 
existence of platelets within the thrombi produced b 
thrombosis models has been consistently noted (2), but a 
direct examination of their importance will clarify the 
extent of their involvement versus tbe importance of the 
activation of coagulation and the formation of fibrin. 

Thrombus formation is a manifestation of the relative 
contribution of thrombogenk and thrombolytic pro- 
cesses, To study the contribution of the fibrinolytic sys- 
tem to thrombus development, we used the plasmin in- 
hibitor irow-4-(ammomethyl) cyclohexane carboxylic 
acid (AMCHA; trancxamic acid). If die fibrinolytic sys- 
tem plays a significant role in the determination of tbe 
rate or degree of thrombus formation, then this should be 
revealed by the effect of its inhibition on time to occlu- 
sion (TTO) and thrombus weight (TW). 

Changes in blood flow also axe thought to affect 
thrombus formation; we investigated this by modifyfoS 
tbe flow in the carotid artery by selectively Ugaring the 
ipsHateral branches of the common carotid to reduce Che 
flow, or by ligating tbe conttalateral artery to increase (he 
flow, m this study we attempted to examine the effect of 
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c v an gjsg blood flow itself without the changes in turbo- 
knee Dorrnalry accompanying those types of cxperi- 

It was the purpose of this stody to man^mlate these 
ygnablcs and processes so that the mechanisms nndcrly- 
ftu thrombogeaesis in this model may be better undex- 

MATERIALS AND METHODS 

^rttrial thrombosis 

Ecpefiznents were carried out according to che method oscd 
JCorsct al. (1). hut carotid flow was continuously mooitored 
miug art ultrasound flow probe to determine the precise time 
of occlusion, taihtf than by detection of a temperature decrease 
to tbt artery. Male Spiague-^DswJcy ruts (wd$ht xsngo, 300- 
400 g; Charles River, Wilmington, MA, U.S. A) were anesthc- 
czed with ketamme/xylazirie ($0 and 12 mgAg, i tc, respec- 
tively}, and the femoral artery urxJ vcm nwtmii^ for blood 
pressure and heart rare monitoring and drug adatiiri Ertrution. The 
left carotid artery waft exposed through a media] ventral longi- 
tudinal fecftiou extending from the mandible to the supraster* 
ual notch and carefully treed from its cofmeetivo tissue sheath 
tenwen die base of the mandible and the irrtemal/cxtcnial ca- 
rotid bifurcation by blunt dissection. A piece of Pteafilm was 
positioned under the artery to isolate it, and ligature* were 
j&ced pttxurnaQy and dismally around the vessel An ultrasonic 
flow probe (Transonic 1KB; Transonic- Ithaca, NY, OS A.) 
tob placed around the artery proxixo&lly ftnd flow recorded via 
a Transonic flow meter (T106) connected to a computer run- 
ttfng WINDAQ o^ta-acnuiririon software (DATAQ, Akron, 
OH, U.S.A). A 3-rnm diameter filter paper disk soaked in 
fc&j (50% wt/vol) was applied to the ventral surface of the 
srtery, disinl to the flow probo, after a stabilization period of 1 5 
Sria. Flow and blood pressure were monitored until complete 
occJnsion of the carotid artery was detected, as indicated by a 
cessation, of flow, or uxjdl 60 mm after the application of FeClj 
Relapsed. The tirned&psc^ 
i *i fiossarion of flow was recorded as the TIXX At occlusion* 
f v after 60-min PeCl^ application, the proximal and distal liga- 
! ««s Tvcre tightened, and the conrplotc exposed artery segment 
^sod. The artery was freed of any adherent tissue under a 
^cccttog microscope, and a longitudinal incision ***** along 
^length; a gentle stream of saline was used tn wash out any 
"pad blood. The artery and thrombus were then gently blotted 
J* and the segment weighed (Sartorius, Germany). Tie entire 
1 crambos was then gentry scraped from the artery, and Che 
wall rewdghod; the TW was obtained by subtraction. 

^suremeni of activated partial 
Ulr °*ibopIastin time 
Arterial blood was withdrawn into 3.9 S& wt/vol sodium ci- 
( 9 '1 vol/vol blood/crtrare) and centrifuged to obtain plate- 
r^ 0or P^sma, which was then used within 2 h for activated 
J*** 1 *! thromboplastin time t APTT) detennmarioQ. APTT was 
2r as »td by using a corrunereially available kit (A-1801; 
7^ 5t Louis, MO, U.S.A) and a coagulation tuner (Hbu> 
^ Cockeysvillc, MD« U.S.A.), 

kjhetion of thrombocytopenia 

aati-tai platelet serum (antiplatelet scram; APS) was 
gift of the 2nd Tokushima Institute, Otsuka Pharrnacen- 
^*^» Osaka, Japan. One-tenth milliliter APS was dQnted to 1 



ml with 0.93& saline and injected mtraperitoneally 24 h before 
c^enmentation. Blood sampks were taken before admhnatra- 
dod of the APS and at the conclusion of the experiment and 
platelets counted (Unopeoe; Beeton-Dictason, Rutherford, 
NJ, U.S-AO to verify that thrombocytopenia had been induced. 
Animals were considered thrombocytopenic if the platclot 
count was reduced by >9S% at the time of e xpa ix uentotion. 

Flow modifications 

Carotid brood flow was reduced by ligation of internal 
branch of the ipsilateral carotid, distal to the point at which the 
flow was measured, or increased by ligation of the contralateral 
artery. 

Platelet aggregation 

Animals were anesthetized with ketarrrme/xylazmc (SO and 
12 mg/kg Lnx, respectively), and the femoral vein and carotid 
artery cauterized for drug administration and blood coUcC- 
uon. Aspirin was infused as for thromboses Studies, and the 
animal exsanguinated after 30 min into 20 U/xnl heparin. Blood 
was diluted 1:1 (vol/vol) with 0S%> (wt/vol) saline and used 
immediately. Platelet aggregation was determined by using a 
Cbtonolog model 592 whole blood aggiegometer and model 
810/S10-CA Aggro/link computer iatcrfaco and software 
(Chrano-log Corp., ttavertowu, PA, U.SJL). Aggregation was 
mduced by using collagen (385 Ctrrono-par). A r^ot study was 
conducted by using a range of collagen concentrations (05-10 
p^ml) to determine the smallest dose reunited to iwfore -70% 
aggregation; that conccntraiian (1 jxg/ml) was used for the 
determination of the effect of aspirin on platelet aggregation. 

Drug ndmiwtsratjon 

Drugs were obtained from Sigma and dissolved in 0.9% 
saline. Aspirin, 3-100 mg^kg, was given Lv, in a total volume 
of 300-600 uJ, 30 min before application of FeC 3 ; hirudin, 
150-750 U7lc$/30 min or 1,000 U/kg/min, 300 every 30 rum 
or 25 pJ/inin, starting 10 rem before application of FoC^; 
tfura-4-(anunc>tnc*hyl) cyclobexane carboxyhc acid (AMCHA) 
200 mg/kg» 300 ui Lv., and heparin (EUdns-Sinn. Cherry Hill 
NJ, U.S.A.) 10(M.0Q0 U/kg/30 ruin, 300 uJ every 30 min, Lv., 
starting 15 min before FcC^. 

Statistics: 

Data woe analyzed by using the program SigrnaStat for 
Windows v2.0 (SPSS, San Rafael, CA, U.S.A.). Comparisons 
between groups were made by using an analysis of variance 
(ANOYA) foDowed by 3>nnnett*s test, or Dunn's test Where 
normality test failed and the treatment group sizes were not 
equal Toe log-rank test was Used to analyze TTO data, where 
there were animals that did not show an occlusion within the 
60-min monitoring period. 

RESULTS 

Control conditions 

Initial experiments were performed by using 3 5% (wt/ 
vol) FeCl 3 to induce thrombosis, but this concentration 
led to the production of a thrombus thai sometimes broke 
away from the vessel wall, leading to an ill-defined TTO. 
Although reformation of the thrombus was rapid, often 
leading to rcocclusioii within a few minutes of emboli- 
zation, the TW under these dirmjnstanees was probably 
not comparable with those obtained in experiments in 
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Tixnc to OccWtm 



Thrombus Weight 




FcCfe 

RG. 1. Effect of aspirin tiroo to occftj&on and thrombus wolojrt Control (n » 12); aspirin (mo/kg), 3 (n - 9), 10 (n = 6), 30 <n m 
100 (n - 5)- Date are expressed as moan ± SEM. *p < 0.05 vs. control (Dunnotf 5 test}. 



which do embolization occurred. In all subsequent ex- 
periments, the concentration of FeC^ was increased to 
50%, which sHghtly decreased the TTO and gave a more 
reproducible end point by reducing the incidence of em- 
bolizatioxL, 

The TTO and TW were found to be very reproducible 
ixi control experirnents (Fig. 1, control), which were re- 
peated routinely daring the course of this series of in- 
vestigations. TW and TTO were chosen as experimental 
variables to represent the thrombotic process (es) because 
they are unrelated variables, birt bom aw measures of mc 
effect of drags and other interventions on thrombus for- 
mation. Calculation of the correlation coefficient for 
pairs of TW and TTO values shows that these parameters 
ate not correlated. 

Antiplatelet serum 

In two animate that received APS. but Which were not 
ttrroznbocymr^nic by our criterion (platelet redaction, 
73.7 and 70,4%), mere was no significant reduction in 
TW; however, the TTO was significantly prolonged. 

Redaction of the platelet counts by >95% prevented 
occlusion of the carotid during 60 min of FeQ 3 applica- 
tion in all fltrimflTft that were thromtocytoptruc to mis 
degree. TW was al$o significantly reduced, compared 
with control. Results are summarized in Table I. 

Aspirin 

Aspirin did not produce a dose-dependent effect on 
either TTO or TW. The average TW was decreased at all 
doses, but this reduction was significant at only 10 and 
30 mg/Jcg. TTO was increased at 3 and 10 rng/kg; the 
effect was more pronounced at the higher dose, but 
none of the changes was statistically significant The 
highest dose of aspirin also failed significantly to pro- 
long the TTO or to reduce the TW. Results are presented 
in Fig. t. 

Heparin 

Heparin caused a dose-dcpcndcnt increase in TTO, 
which was significant at all doses (log-rank test); no 



Platcict 



Group 



Tbaoto 

occlusion 



Coocol (o ^ 12) 
Thrombocytopenic (n - 4) 



7.3 ±1.9 
0.3*0.2 



23.5*1.1 



7JSa:0.5 

as ±9Jf 



Values expressed as moan s SHM . 
"No occlusion whfcin 60 nnn of application of jpcOj (motfitofifiS ^ 
one maaX was halted at 43 ratio). 
*p < 0.05 (Duanett's tcsf>. 



occlusions occurred at 1,000 U/kg. The APTT was in- 
creased >400 s at each of these doses, TW was dose* 
dependently reduced, and the reduction was statistically 
significant at the higher doses. Results are shown in Fig. 
2. The consistency of Che thrombus was different after 
heparin administration and was less well developed and 
was of a softer nature than with FeCl 3 alone. This made 
the thrombus somewhat difficult to weigh because blot- 
ting of the saline used to rinse the thrombus earned with 
it the risk of removing some of the thrombus itself 
Therefore blotting was carried out much more gently, 
and for this reason, the TW may be slightly overesti- 
mated in Che heparin experiments. 

Hirudin was ineffective in prolonging t he TT O when 
administered every 30 rnin, when the APTT was in- 
creased approwmately twofold over control. However, & 
constant infusion of hrruarn completely prevented occlu- 
sion; the APTT was increased threefold over control by 
10-xnin infusion and increased X>00 s thereafter. Hirudin 
also was ineffective in reducing TW after 30-rnia dosing, 
but continuous infusion produced a statistically signifi- 
cant reduction. Results are presented in Kg. 3. 

AMCHA 

AMCHA did not significantly affect TW, but signifi- 
cantly reduced the TTO (see Fig. 4). Th© dose of 

TABUS 1. Effect of APS4tiduc$d thrombocytopenia on time 
to occlusion and thrombus weight 



Taroo** 
weight 
CP* 
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j Canton ttnnjwP". Vol J* So* 5, 1999 
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Time to Ocohnkm 



Thrombus Weigb* 




Control 
30% Wv 



100 300 10CO 



SOKw/v 



100 300 1000 
H»paffe(U/kfA0;mii) 



hq. 2, Effect of tepartn on time to occlusion and tnrornbu* weight. Control (n - £):hoj«nn WJ^^ (n * * 

5c T<n ^T^Torq expreeeoo as^^SBfl.-ps 04)05 vft. control (log rank test), "p * 0.05 vs. control (Dunn 6 te*). 
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AMCKA used in this study was previously shown to 
ii^bitfibitaolysis (3). Attempts to monitor the change in 
scrum fibrinogen) degradation products (PDPs) after 
AMCHA udininisCfation, by using a xrxraoclonal anti- 
body-based laiex aggjutinadon assay, were unsuccess- 
lal The test Wt iclics on a human monoclonal antibody 
i io recognize fibrinogen, which did not cross-react with 
I |3t fibrinogen* B 
| The consistency of the thrombus appeared mote solid 
I after AMCHA treatment On removal of the teombus 
f fa weighing, it becaiao deu^ 
j rtfha than as softa* particles, as under control conditions. 
■ 

f Flow modifications 

I Row reduction in the common carotid was achieved 
L by ligation of the internal ox external hranch. Bow was 
I quantified as the change in average flow measured over 
( fbc duration of the period between the application of 



TunatoOcdusioa 



PeCl 3 to the point at which the flow was obviously af- 
fected by thrombus formation. It was found that ligation 
of the internal carotid produced a more prolonged de- 
crease in flow than did ligation of the external branch; 
ligation of the fortner produced an -IS* reduction in 
flow, but the flow returned to baseline during the course 
of the experiment, presumably through a compensatory 
^hfmtsm. Alterations in blood flow were inversely 
correlated with a change in TW (Fig. 5; p < 0-01) f but did 
not affect the TTO. An increase in average flow caused 
a statistically significant reduction in TW, whereas a de- 
crease brought about an increase, which also approached 
significance. It was observed that the thrombus formed 
under low-flow conditions was noticeably longer than 
that of the control and often extended from the point of m 
application of FeClj to the bifurcation of the artery. Ca- 
rotid ligations did not affect systemic blood pressure or 
heart rate. 



Thrombus Weight 




8553 150 300 TOO O QwjgWW a * CqqSST 

f*. 3. Effect of hirudin on wno * ocdueion and Mh Cowol <" "** 1$ ° ^ *°° ^ " % ™ 
to • 4). infusion (n « 3). Data are expressed as moan ± SEM. *p < 0-OS vs. control (Dunnetrs twt). 
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Platelet aggregation 

A preliminary in vitro study was conducted to inves- 
tigate the effect of aspirin on platelet aggregation in 
whole blood. Aspirin was found to inhibit aggregation 
dose dependeutly at relevant concentrations (0-1 and 10 
mM, final concenttation; data not shown). In the ex vivo 
study, platelet aggregation was increased at 3 mg/kg and 
decreased at higher doses* compared with control* al- 
though these differences were not statistically signifi- 
cant. Data are presented in Kg. 6. 

DISCUSSION 

The experimental models developed fox tbo induction 
and study of thrombus formation in the large vessels of 
experimental animals in vivo use a variety of stimuli to 
promote thrombosis; these include Crush injury followed 
by stenosis (Folts model; 4). balloon catheter-induced 
damage (5\ electrical injury (6\ copper coil (7), hearing 
(8), insertion of a silt thread (9), and chemical injury (1). 
These techniques rely on exposure of the thrombogenic 
subcndotbelial layex to the bloodstream, after formation 
of the arterial lesion. The feme chloride model was cho- 
sen because it causes the formation of a 4 *mixed throm- 
bus," that is, one composed of fibrin, activated platelets, 
and entrapped erythrocytes. This is the type of thrombus 
that is found in the coronary arteries after sudden death 
and acute myocardial infarction (10). The model is reli- 
able, has given reproducible results, and has the added 
advantage of being simple and quick to perform. The 
endothelial damage induced by the Fed 3 was shown 
microscopically to include separation of endothelial cell 
junctions and denudation (1), thus exposing the suben- 
domclium. For those reasons, we chose this model to 
investigate the relative contribution of the factors in- 
volved in thrombogenesis. 

Pentobarbital has often been used as an anesthetic in 
these types of experiment, but it was shown Co decrease 
platelet adherence in the rat in vivo (11) and to alter 
platelet function in vitro by suppressing aggregation and 
the release reaction induced by collagen or low concen- 
trations of thrombin (12). To study the contribution of 
platelets to thrombus formation, without the possible in- 
terference of pentobarbital, the combination of taamine 



/ Cartkrxuc PAoro*xa>f~ Vol 13, S> 1999 



and xylazine was chosen. These agents, which are com- i 
monly used together to induce surgical anesthesia in ro- 
dents, are not documented to have any effect on pkfclec 
function. 

The contribution Of platelets in mis typo of thrombosis 
model was investigated previously by subjecting thoanj. 
mals to whole-body irradiation (13). However, whol* 
body irradiation was shown to affect me levels of throm- 
boxane (TXR2) and prostacyclin in ruts (14) and may 
therefore alter the process of thrombogencsis by means 
unrelated to platelet depletion. By using an antiserum 
raised against rat platelets, it was possible to induce pip- 
found thrombocytopenia and to investigate the parucipa- j 
tion specifically of platelets in thrombus formation, with- 1 
out affecting other components of the hemostatic -4, 
process. The prevention of thrombus formation in all 
animals that were thrombocytopenic by our criterion 
demonstrates mat the involvement of platelets is oblige 
tory in thrombogenosis in this model This finding is in 
agreement with the mode of action of FcCl 3 in this 
model, which exposes die subeiidothclhim to the blood- 
stream (vide supra). This exposure leads to platelet ad- 
herence and activation, providing the phospholipid sur- 
face necessary for thrombin generation and activation of 
the coagulation cascade, hence leading to the formation, 
of a mixed-type thrombus. It is apparent that the depo- 
sition of platelets on mis surface is a prerequisite fox 
thrombus development. 

The effects of direct or indirect inhibition of thrombin 
by hirudin and heparin, respectively, allowed an exami- 
nation of the involvement of coagulation. At doses that 
significantly increase the APTT, both modes of thrombi* 
mhibition affect thrombus formation. The effect of bey 
arm was dose dependent both in its prolongation ofTTO 
and in its reduction of TW, but hirudin was effective only 
when given as an infusion. The results obtained with 
heparin are in agreement with those previously obtained 
in a similar model, which used FeCl 2 as the thrombo- 
genic stimulus (15 ), an d it was noted previously mat & 
large increase in APTT is necessary for a heparin effect 
to be observed (16). This may be partially due to 
neutralization of the heparin by the platelet-rich thruu> 
bus induced in mis model (17). 
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5. Correlation of time to ocduslon {TTO) and thrombus 
weight wtth average thaw. Control (n m 1 1), reduced Dow (n c 8), 
incfdasodftew (rv » 4); circles, TTO; wangles, thrombus weight. 
Error bars are moan * SEM 



Constant infusion of hirudin was required to induce 
any significant change in thrombus formation, even 
though the APTT was increased by the bohis adminis- 
trations. Hirudin was investigated in an Fc0 3 -rnduced 
thrombosis model in the rabbit, in which the TW and 
TTO were affected in a dose-dependent manner (18). 
However, in these experiments, the concentration of 
FcQs used was 70% (wt/vol) versus 50% (wt/vol) in Our 
experiments. The higher concentration was found to be 
accessary because a lower concentration of 35% (wt/vol) 
was found to be unable to stimulate thrombus produc- 
tion, whereas that same concentration is able to induce 
thrombus formation in our model (data not shown). 
These discrepancies indicate that the thrombotic process 
raay be different in rabbits and rats; that a stronger 
tbrombogeiMc stimulus was used also may explain why 




3 10 so too 

Aspirin (mg/ks) 

^fc*. £fi ect of aspirin on ox vto> pteteim aggregation. Platelet 
?9*resatlon was induced by using 1 uy/ml collagen control (n = 
g; oapinn (mg/kg) 3 (n « 3), io (n - 3), 30 <n * 3), 100 (n e 3). 
ana axpras&ad as moan * SEM. 



t hromb us formation was observed at lesser increases of 
APTT in the rabbit model 

The formation of a thrombus is the result of a distur- 
bance of the normal balance between thrombogenesis 
and thrombolysis; if an increase in thrombogenesis out- 
weighs the counterbalancing effect of the basal activity 
of the fibrinolytic system, thrombus formation occurs. 
As a result of this, it is perhaps not surprising that inhi- 
bition of the fibrinolytic system by AMCHA signifi- 
cantly reduced the TTO by allowing the thrombus to 
form more quickly than with FeCl 3 alone. Because TW 
was not reduced under these conditions, it is possible that 
thrombus formation proceeds faster in the area of Fe0 3 
application when fibrinolysis is inhibited and leads to 
occlusion before thrombus development progresses dis- 
tally from the site of damage. Under control conditions, 
thrombus growth can progress lcmgjmcto,Dy t which al- 
lows thrombus size and mass to increase before occlu- 
sion is achieved. 

Aspirin was previously shown to be ineffective in a 
very similar model, which uses ferrous crJoride to induce 
injury (19), but the highest dose investigated was 50 
mgftg. Other articles showed a variable effect of aspirin 
over a wide dose range (6\20), but none used the ferric 
chloride-induced model of thrombosis. The upper limit 
of the dose range was extended to check for any dose- 
response relation at higher cracentrations. Rat tissue cy- 
clooxygenase also is resistant to aspirin, and high doses 
may be required tor total inhibition (21). At these higher 
concen t rations,, there was no ev id ence of any significant 
decrease in TW or increase in TTO. The lack of effec- 
tiveness of aspirin, even at doses that should be sufficient 
to inhibit production of TXA^ is possibly explained by 
its inhibitory effect on Ac production erf prostacyclin. It 
i$ probable that there is a complex interrelation between 
the effect of aspirin on the inhibition of production of 
these metabolites (20). The relative degree of inhibition 
of the production of each metabolite will have variable 
effects on the tendency to thrombogenesis in the pres- 
ence of a suitable stimulus. This may result in the ob- 
served lack of a dose-response relation in the effect of 
aspirin on TTO or TW. Additionally, aspirin may not be 
effective because of the low level of production of TX A 2 
by rat platelets (22). In this case, inhibition of TXA* 
production may not have a noticeable effect on thrombus 
formation and may explain why the TW was reduced at 
lower doses, but was increased at the higher doses. A 
similar pattern of observations was reported in a rat ar- 
terial crush model (23). 

Aspirin was found not to have a significant effect on 
aggregation in the ex vivo platelet study, although ag- 
gregation was reduced at the higher doses. This effect at 
doses >3 mg/kg may have contributed to the lower TWs 
observed at the same doses. The lack of a clear dose- 
related aspirin effect on TW or TTO» therefcxe, is prob- 
ably explained by the mixed nature of the thrombus 
formed in this model and the complexity of factors con- 
tributing to its development and their interrelation. 

Flow modifications showed that, although there was 
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no significant effect on this TTO. there was a significant 
increase in TW when the average flow was decreased; a 
similar bat an opposite effect was observed under con- 
ditions of increased How. One possible explanation for 
these finings is purely mechanical: under low-flow con- 
ditions, the platelets are less Kl^y to oe dislodged by ihc 
smaller hcmocrynainie forces exerted on them, leading to 
the aggregation of a Larger number of platelets* and with 
them the associated fibrin and entrapped erythrocytes, 
thus leading to a more massive thrornbus. This sugges- 
tion is supported by the observation of increased throm- 
bus length in the animals with rpsilareraJ ligations. Under 
conditions of increased flow, platelets that are less tightly 
attached to the endothelium and to each other would be 
more Hkcly to be dislodged (24). leading to the devel- 
opment of a smaller thrombus. Id addition, the endothe- 
lium is reported to be more fibrinolytic under high shear- 
stress conditions (25) and, even though a portion of the 
endothelium may be damaged by the FeCl 3 application, 
it is possible that enough functionally intact endothelium 
remains to affect the thrombus development under in- 
creased flow conditions. The findings of this series of 
experiments ate in agreement with those obtained by 
using a sup effused monolayer of endothelial cells (26), 
That the TTO remains unchanged indicates that Che rate 
of transverse growth of the thrombus, which loads to the 
occlusion, probably remains unchanged, and only the 
longitudinal growth is affected This could be the case 
because me endothelium is damaged at the site of Pe0 3 
application and cannot exert any effect on me process of 
thrombosis in this region* but its actions proxirnaHy and 
distally would be unaffected Platelets are known to be 
activated under conditions of increased shear rate (27;, 
and mis also contributes to increased thrombogencsis 
under high-flow cenditions. 

At the completion of each experiment, a section of the 
FcOj-treated artery was removed for sectioning and he- 
matoxylin andeosin staining to allow examination of the 
histologic ccOTpositioa of the thrombes. It was hoped 
mat this would reveal differences between the groups 
that would allow some insight into the basis for the ex- 
perirnental observations. With the exception of the APS- 
treated group, in which no thrombus formation was ob- 
served we did not find any such differences Possible 
explanations for this include difficulty in identifying sec- 
tions in different thrombi that correspond exactly to one 
another in terms of their physical location, and also the 
heterogeneity of thrombus composition, which can result 
in considerable deferences in the histologic appearance 
of the sections, even though they were taken very close 
to one another. Both these factors complicate the task of 
identifying alterations in composition, which may be in- 
dicative of the physiological effect of the treatment. 

In summary, the FeC^-induced model of thrombosis 
is dependent on the interaction of platelets, thrombin, 
fibrinolysis* and blood flow. Maidpularion of these com- 
ponents results in alterations of the tirrombogenic pro- 
cess, resulting in changes in the TTO or me TW. The 
ability of heparin and hirudin to affect thrombus devel- 



opment rnfficstes the involvement of thrombin in this 
model. Taken together, the results of the experiments 
with APS, heparin, and hirudin indicate that in th^ 
model, an interplay between platelets and the coagulation 
and fibrinolytic systems occurs during thrombus forma, 
tion and *ho* the participation of platelets is of absohrt 
importance. Each of these factors was demonstrated to be 
of importance in rhrombo genesis , and the fact that 
changes in any of them bring about changes in the pa- 
rameters that define the process of thrombosis indicates 
the physiological relevance of this model. 

REFERENCES 

1. Kurz KD, Maui BW, Sandusky GE. Rat model of arterial thro/*. 
bosu mdnccd bj fcnJc chlorite- Thromb Rti 199O;60£69-S0. 

2. Rpu* R, Carteaox h Hew P, Pafiveae U Ctofcel J. Expocimervtnl 
carotid thromboos ia tbc gomes pig. Thromb Haemost 1994;7l: 
252-6- 

3. Tomikawa M. Pathophysiological stnrhea on lactic aeid-«Qnccd 
pulmonary thrombosis in d» rac I etfaa£hspaifa*cet}b}*]teft& 
ftdd. urokinase and ttanmuante acid. Tkrvmb Diatk Haanonh 
197534:1*5-58. 

4t Rita XD. Crowell EB, Row* GO. Platelet aggregstiou in pwutfy 
obstructed vessols and its elimination with aspirin. Circulation 
1976^:^5-70. 

5. Slcrootn P, Bonn A, Biah J, Marsganore 1. Wilson G» Waifc J. 
Tha effect of thrombin ifihft&ocs on cissae plismmogwi activitoc 
induced ttaombolysja in a est modeL Thromb Baenuut 

& Masud U Horidajt C, CaadovflJ© C, Soola R0. Electrically br 
dncod arterial thrombosis model in tbo consaoaa rat- Thromb Ru 
1987;48:1-10. 

7. Kordenat RK, Kezdi P, Stanley BU A new catheter technique for 
fttodpcjog cacperimca rt nl coronary thrombosis and selective CQrt>- 
uaiy visualisation. Am ffcort J 197Z;83:36(M. 

8. Lenfors S , Martorg L, WtfkatrOm U. A oew tax model of arferiaJ 
thconiboaa with a piatelw-rkh head and an eryOttwytc-rich Vat. 
thrombolysis experimeftg with specific thrombin inhibition. Stood 
Oxqul F&rtnol 1993;4343-7L 

9. Vogpl G&A* vail Amswdam RQ, Zandberg P, ct al Two new 
doily related rax models with refcvanco to arterinl thrombosis— 
efficacies of <tffferont intithrombotic drugs. Tkrdmb Homo* 
1997;77:153-9. 

10. Friedman MP. Van der Boveafcarap EJ. Too pathogenesis of a 
coronary fcrombro. Am J Potto? 19-44. 

11. Dojovny M. RnzarioR. Eoesovsky N. Aa&piatelct cScct of fi- 
mobryl pil f oxidc, berbrmxaxee and methyl prednisolone. Ann N T 
Acad $d 1955;411:234-44, 

12. Joist JH. Cazenave J-P, Mustard JF. The of bwt»tmic »cid 
dedvaxivw on ploteloc fonctioa in vJttc utti m vivo. Thromb Diak 
Hatmorrh 1973 303 15-2& 

13. Broeraoaa RJ, Ktxtcaor LW, Eami^s^ EF- Th© eSect of thranto 
inhibiboQ m a ral arterial thrombosis model Thromb Rss 199U&* : 
405-12. 

Id. Navraol U Pospisil I, Blchovn Z. Gamaca of 6-kcto PGFt alp^ 
apnCffllrarirm in plasma And vessel wall and T*&? in plssD* of 
wbolc-fcody Jrradiatod n»U m *o carry «ta^c of irradiation. P«»* 
taglandbu Laikot Event Fatty Acids 1990^1:39-43. 

15. Schumacher WA. Stetobodw TE. Hcran CL. S«tJcr SM. Miclud 
JMr Ofijmt ML- Compgriaoa of thrombin active site and ex^si* 
inhibicors in oxycil m fta tnl fflodeU of a/texial and venom daomhir 
m and bleeding. J Pharmacol Ther 1993^67: 12?7-4Z 

16. Lewis SD t Ng AS. Lyle EA, ct aL MnfadciOO of ftromten b > 
peptides **/vnw4tri-n^ tysyl-a-keto caxboayl dedvatlvcs. Thromb 
Hoemost 1995;74;1107-12, 

17. Eicgaan DT, Chi I-, Soggin L> Schwwtr RS, Lncehesi BR. 
WP, Heparin awitrofoirinii by pUtdct-nch thrombi. Cte^ 
19^-^9:1523^9. 



VoL U. Mx 1 1999 



PAGE 29/41 1 RCVD AT 1/1 1/2007 4:06:26 PM [Eastern Standard Time] ' SVR:USPT0-EFXRF-1/1 1 1 DNIS:2730626 * CSID: * DURATION (mm-ss):22-36 



JAN- 11-200? 16:33 



The Webb Law Firm 



P. 030 



FLOW AND PLATELET DEPENDENCY OF THROMBOSIS 



725 



•S Lyk EM, Lews* SD, Letanan ED, GndeJl SJ, MocccJ SU Lynch 
■ jj Assessment of thrombin inhibitor efficacy in & novel rabbit 
model of skaultaoeous nt-ciid sad venom tftrombows Thr<mib 
I Jla&vxt 1998;79:656-6X 

1^ Schumacher WA, Bcmn OU Stcmbocbcr TB. Suoexior activity of 
i krOttDoxane receprm anttgoniH as compared with cspkb in rm 
models of artaifcl *nd venous tkrranbcdtJ, / CcrdiovaK Pharma- 
col 1993;22:526-33. 
[ ^ ^yer« I. Mnssani L, Docati MB. Failure of aapinn 61 dnTarent 
I doses to modify experimental thrombou* in cats. Tfettao rtrx 

7 21, LMoM.B«ri^A T 2o>C i ctalDi0aeotW 

Iof pjade t foromboonae and rend prostaglandins id tbcrai. ./ P/^- 
2^ Btffcc SE» Lefcr AK Nicoloao KG Responsiveness of platelets 
axx) coronary arteries team different species Co synthetic thram- 



bO WBO end prostaglandin cndcpauxlde analogues. Zfr" 7 Phto77\& 
col 1983;78:287-92. 

23. Butter KD. AxnbkT J, Dolan $, Giddings MD, Talbot Mp„ Willi* 
RB. A noo-opcmpve modd of modal tfaombes fotmafrna in the 
rat and its modification Oy jzihibiLatra of platelet froctioc, or Ihrono- 
bin activity. Blood Coagut FiM*d 19923:155-65. 

24. Packn*m MA, Muswd JF. Platelet adhesion, Pro£ HaemOSt 
Tkromb 198*;7i211-87. 

25. Grabowiki HP. Tnrombalyii*, Daw, snd vessel wall jjilQuuLxms. J 
Vote btiervMM XmVoI I995;625S-9S. 

2& Grrixwski EF. Platelet aggregation in flowing blood at a site of 
injury to an endothelial cell monolayer: quantitation sod real- time 
wtth the TAB antibody Zfbod" 1990;75:390-8. 

27. KrOllMH, Helium* JD, Mclnare LV. SchrfcT AL Moakc J. Plate- 
lets Aid staff strcaa. £W 1996;88:1525-41 . 



PAGE 30/41 * RCVD AT 1/1 1/2007 4:00:26 PNI [Eastern Standard Time] * SVR:USPT0-EFXRF-1/1 1 * DNIS:2730626 * CSID: • DURATION (mm-ss):22*36 



